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Abstract 



PROBLEM TO BE SOLVED: To suppress the deterioration of the linearity 
of the light outputting current characteristic of a distributed feedback 
semiconductor laser by providing a resonator structure which generates 
the distributed feedback of laser light in a light guide area and changing at 
least the width of an active layer, the material composition of a guide 
layer, or the distance between the guide layer and active layer in the 
longitudinal direction of a resonator. 

SOLUTION: The n-type Inx Ga1-x Asy P1-y composition of the 
constituting material of a guide layer 51 constituted in a buried grating 
structure having a cyclic structure for generating the distributed feedback 
of laser light is changed in a resonator in the longitudinal direction of the 
resonator. Consequently, a refractive index difference occurs between the 
layer 51 and an upper clad layer 4 in the longitudinal direction of the 
resonator and, accordingly, the distribution of coupling constants also 
changes in the same direction. Therefore, the deterioration of the linearity 
of the light output current characteristic of a distributed feedback 
semiconductor laser caused by an SHB (spatial hole burning in the 
abscissa direction) can be suppressed by changing the coupling constants 
in the longitudinal direction of the resonator so that the electric field 
distribution in the resonator may become uniform in a light guide area. 
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isd f b i^— y ©«a*a*±axgjKKRw-r * 

®{ll®0,5lf»r®0T-fc!K II 2(a) ~(e) , |3(a) 
~(e) HU KDFBl/— tf©fiSS*a«JHIfflCD«J6ft, 
El 2(f) ~(j) , El 3(f) ~(j) fefc. ytf?SA-<Z> % ft 

[0 0 4 1] p-.InP«|l±C, JS£ 1 . 5 

AimCp - I nPJi 2 a, i-InGaAsP4>?)%5 
JP£0. 1 /tmSSOl^ii?#Pl3ft, SVj? 
20. 1 5 Am©n- I nPJf4 a£, MOCVDSt 
Ji&MJfefcftU *©*> in- I nPf4 a±(C, 0 
1(c) £SVrj:-5C*iRfffftfliVyl*3 OZBfc-tZ 

(12(a) , (f) ) . Z©^*3 0tt, Bf^lHHWBT 
Ttt*tft-T*— #©JftltBt3 0a, 30bipf,«:^ § 

W3 0a, 3 obii -mmfrzmmMzMix* 

[0 0 4 2] mz, ±13x-^^ 3 0 4ffllr*T\ MOCV 
D£££i?n- I nGaAsP15 1 aOjlS^SSrfr 
o (12(b) , (g) ) . £©/Sftl$CH:. ±13-7^^3 
0©¥®ff^c^bTj$llff©#^£(i»)#xb. KfiE 
I$n)5:InGaAsPi5a©ffi{Slt *©—*«*» 
e>ffeiS«J{c4»{tTil^t:^ftiUfct.©i:*o-CVM). 

[0 0 4 3] -£©&«, t££©D F B U— tf ©£Jj£#i£ 
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12 4(b) , (f) &tf2 40(c) , (g) iCyjk 
*xgkH*fc:8yi*fToT\ _hf3 n— InGaAsP 
15 1 afeiOXU InGaAsPSIW^M 

^h7-f7'i«©n- I nGaAsPI5 1 b^ifMt 
2. (0 2(c) , (h) MI2(d) , (i) #JKl) „ 
tC, SiO, ?7^2 0a^bfet> HtfMOCV 
D$fcSflHvtffia*3>** hJf kbt©n- I nPJi 
6aS, iInGaAsP|5 1 a©7.^— 
10 ©iitns<fco±®«CfiK*-r5 (02(e) , (j) ) . 
[0 0 4 4] ±Eflf«*|qiti&orBrJ£©*** 
t^tt^»2 0beMl (03(a) , (f) ) „ C 

JfcJ&b (03(b) , (g) ) , $?,i:i?^^2 0bSffl 
^feSKJ^SlCttJaatrn «^17 a~7 c&BUL-t 
£ (03(c) , (h) ) . 

[0 0 4 5] 0 2 5(d) , (i) C^tlSi 

isj«©5as^ffoT, saanv** vmsRxmmm 

8£ffjfi£b (03(d) , (i) ) , ^f»l:i2 5(e) , 
20 (j) K^-rxgi:p|«©j8afttfoTa|— 5v^tt©n 
til ObSlfpm® 1 0 aSJfcjfcb (0 3(e) , (j) 
) , dixJCtDDFBU— tf 1 0 1 $r^J5dc^--S„ 

[0046] mzitm®mz'o^T®m-?2>o &mm<D 

<t5, RftSSft^lSjCTSEYbS-e-fcO-C, SHBII 
tcj:**ffl*««E^tt©«lJKtt©*fb&«i*fl«lC*PIW-r 
SCttft^*. ±83#*«**CT ±83*868 

30 -rs^aM^feacfflfiRsaEAsckciDSEfts^-B-fc© 
t% ±E***«*-e©^Jftja«T*©*ftiic«tDttiss 
rt©e^»**j»ft j: < *<b$«a c k*«T * *. 

[0047] WF15 1i:)5:5InGaAsP 

¥lit©IWIffl7^^ 3 0 £)1^2>©-t% f&S£ 
I nGaAsPiCtMiHevxi' 3 0©jlicj; 

3 0©ff£R££fb;*-y-SCkK<fc!k li^&iigSt 
fc *fi& b fcjg^ft a: ©## £ HS-r S c k 6 olllt- £ 
40 3. 

[0048] mmvfim 1 t-j±, 
$-a-sfcto©*w F»©«jii:bt. s©ii^05T*&^ 

taSSbfeff, DFBb— tf©*W KJiOfllJtttCfl 
(c(S2>*©T-{i*v>o 

[0 04 9] 04(a) li« *%8fi©fl£JS 1 a>mm 1 k 
bT, ^Wa**^****:©©*®*^ K***f 
6DFB1/— !f*Bfffl*Jfi*3SbTV>5. 
[0 0 5 0] 0^C^3V^-C, 1 0 1 aJiC©Sff^J 1 iCi 
5DFBV —iff & 2> o dWDFEP-if 1 0 1 ate\ 
50 ttiSSfCTU— !f3fc©«-*«jI€*^S#*fc«>©«IIS 
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mfeZG-tZteWiSJ KJf 5 1 UfbTOSo Z.<Di3 
4 KJ15 1 1 §^J5X-rSn- i n. Ga,-. As, P 
... ©fflJ&fct, tt«S»#l3Ci&-3T«ftiUfc4>©i:fc 

®*J«tt±«B*aiSO»ffl 1©DFBV— yiOlfcH- 

[0 0 5 1] ±E«ESif'f KJg 511 tt, 12 

(d) , (i) Cwtifi'tffllnOaAsPIOlWIIft 10 
x-vJ-yVWm*. I nGaAsPJStf-^BJSjSlSltC 

[0 0 5 2] ;cDio*M®DFBl/-1fl 0 1 a£ 
33HTt>±K3SJfi©J&JB 1 fcHWfca&SWW&ii*. 

[0053] ifc, i4(b) it *$m<DBm 1 
012 tut* jstt»j»*«SDFBi/— wmmmmz 

[0 0 5 4] Hfciiivr, 1 0 1 bttC©«jBW2C,t 
l)DFBl/-ifffe!)> CfflDFBV-lflOlbt- 20 

fc, «SiStt«3 lfc±T©*5s»F»2, 4T-&#-j£ 

sic t i/ — tf 3teo3«-*»a*«^*# s fc»orawnui 

£&OJ;-5> ^©/IJP£ftiS§§S;£ft{CT-;£JI9JfflT-£ 
fb^-a-fe^cD-Cfe^o SfeCfflDFBl/ — tf 1 0 1 bf 
tt, iJ4 FJ15 1 2£, *©«J5&j&y«BSft#|qllci&-3 
T^bUfc, JSj-#Jf)P©n- I nOaAsPl*6I 

■yioitm—X'&Zo 30 

[0 0 5 5] ±I3«SSS» 31tt, 1 2(a) , 

(f) C^txSCt i - I nGaAsP|3 a£Bf£U 
fc^ ii-InGaAsP13aC;i}b-C, tMSM 
#Jl©DFBL'--!f 1 0 1 a©#-f K®5 1 lffli*^ 

[0 0 5 6] ^OJ;9!5:iJESfflDFBl/-1f 1 Olbt 

[0 0 5 7] HJfi©Jf m 2 . El 5 tt**&l&©%iK©fl$!B 
2tJ:*DFBl/— !f&SttWr5&»©iaTa&D, 15 40 
(a) (t, y^SfctfttS^SJ^ffifcTfrfcW 
E©#tjt£^LT^£„ 

[0 0 5 8] lJC;fc^T\ H2 3tH-}Wtt«*OD 
FBU— If 2 0 0 tm— ©*©&ij*U 1 0 2(i v V — 

vft*m£-tztztt)<D¥mtt-mmmm 1 2 0 

HIS©Bffi2©DFBU— tfCSS. 
itl2 0tt % fS^SaS:, ±T©^7>yKI2, 4 2© 
W«C^ii^-fl!J*$tlTV>S. C:©±^7>> FJf 4 2 
-hlcfcfc, 3fcift(0^#»aiCDfc«>O«JH1lliBftJ*oa«&a 
^f&?«tit©n- I nGaAsPff-f FJP5 2#JfcJj£;* 50 
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*XT05. 1 2 0©—«HMillfBfc 

[0 0 5 9] d©HJS©ff^2f(i, ±*-*y 

fi8ft#l«3fci&t>T* fS14S3iP?,n- I nGaAsP 
iS-i Fjg5 2*T?©ffi«#£fbLfc*Ht4:UT<r>*. & 
CC7?tiM£S4l9IHCDEtt(±3 0 CumSSi: L 
-C*5> *fc-e©^£WMffl!lSS@T-©^SSt*H:0, 
<SR9*K«ffl«T?©*S^» /cfc£2~3i;LTt^. 

[0 0 6 0] 3©«ta^«fiE©DFBU— tf 1 0 2©« 
»#i&Hu ^*©DFBb-if 2 0 0©1^3i^i£i:^ 
±^7<y FJf fcfcSn- I nPI4 2 a©x^Jr-/t 
;H£ft©P^ 15(c) fci5Vf»#J5fcSfllv**4 0£ffl 
V^T-?-©Jfj¥&$OT-f ^©a^fcoTOS (16(a) 

, (f) #flfO o C©v^<^ 4 Ofcfc, ±<>7^ KB 4 2 
fcfcS I nPJi£^ffir^S««R2©ffi«fcf|»|f3-f 

4 0 a, 4 0 b 

[0061] mfeu&izi^-asmzft.w? a. 

1 6 &vm 7 fct±f3D F B V— V ©g!i£;£&£r ±Sxg 

«Kaftwr*&»©«fflia&wRiaia-c*D, 16(a) 

~(e) , 17(a) , (b) (i, l£D F B V— tf©ffifiS*K 
««HB©«jfi£. 16(f) ~(j) , 17(c) , (d) fcfc€ 
© U y 5>S C ii S ft£ ft 4: ¥fT W S © *H§ * 

^ft-eftigjHtcmi/ri^s. 

[0 0 6 2] *-T, p-InPISUC, SSI. 5 
//mOp - I nP12 a, RZFi - I n G a A s P A>6 
&5JPS0. 1 /zmSJS©M^#-BS?#^«3 a*. 
MOCVD£JC<fct)ll&j&ilU ^©^ KSftMS 
^#Plf3a±lc, 15(c)fcj^-f .fcS&CSiRfikgfflv 
4 0eMtl> (16(a) , (f) ) „ 

[0 0 6 3] &IC, ±13v*^ 4 OSffi^Tx MOCV 
DiSlCfct) n- I nPS4 2 a©a«JEK**ff 5 (16 
(a) , (f) ) . ±ISv^^4 0©¥ffl 

tI©j£vMPilT-fciU vx^BOJRl^JKClt^Tn- I nP 
142 a©JfJ¥#Jl< fcS. 
[0 0 6 4] S^fc:, i@tn-InGaAsP152 
aSJf^b (16(b) , (g) ) , *<Dm±, t¥*©DF 
BV— «f©WB«$&C«(t«« 12 4(b) , (f) &V® 

2 4(c) , (g) t^-J-Xg.4:RI*Cffl3l*fT-3T, ±13 
n- I nGaAsP15 2 a Sr^DX b, InGaAsP 

#tj££*ri-£>n- I nGaAsPI5 2beMt5 
(16(c) , (h) RV 16(d) , (i) #{B) . 
[0 06 5] fit, SiO, 7^^2 0a^iSl/fc 
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T©n- I nPJf 6 m I n G a A s PI 5 2 b© 
(e) , (j) ) . 

[0 0 6 6] ■£©&&, ±M$m<DWM 1©DFBU- 
tf 1 0 l©«jS*»tra«, »#v>c* 2 0 b«DJB« 
(07(a) , (c) ) , &XfZtl*m^tzmiRx-v3->y 
(0 7(b) , (d) ) SrfToT, flftt'J »S>»2 2 0 *JB 
J*U £5>tc03(c) ~(e) &tf03(h) ~(j) t^f 
XgtlslfllCjlOiS^fTo-C, *j!|S£©)f£<§2©DFBb 
-if 1 0 2 

[0067] Mzwmibmz-o^xms-f&o *nm<D 
mm 2 T-tt, sse 3 1 *v kb 5 2 i:©s§gf &#ig§§ 

«*l6!CT*{b*-a-fcOTf. ±13 (1) xttztntzx-i 
KB^©#©&^tfcU*r#^(b-?-£C:i:£:&!K Cil 

[0 0 6 8] #KS6©J&!»2THU nSInP? 

KB 4 2CDJ|J»CJ:9«Mft«Xfbd*«J:9C 
rnt^v KB4 2©B*#^t^*->* 

wsJUWStfBwrSicfcfr&s ©KIMS. 

[0 0 6 9] «e*» ±KHMo»«2tftt, ^MMft 
#4" KB©#SiIi:bT> a»ii^[s]tr 
*S?*lSft^ly&* t » DFBU- tf©^-f KB©*3tjI« 

± u tz <£ a £ c ti \z m s i> © t? & & v ^ „ 
[ 0 0 7 0 ] m 5 (b) fciu #£ifi©*fc« 2 commh u 

DFBU— tf£K®flSM£f LT^S. 
[0 0 7 1] atiV^T, 1 0 2 aB:^©^)f50J{C«fcS 
DFBl/-1fCg!), iCDDFBl/- if 1 0 2 att, ± 
HBfe^iit©^ KI5 2tCft^T^ JtfiSCTl/- If 

iS-i KB 5 2 l^ltlM.. *©ft©^fiK(±±SB^5S 
©ff^2©DFBb-if 1 0 2 hlH— X-$>Zo 
[0 0 7 2] fc:fc\ ±§2^S*V KB 5 2 Hi, 06 
(d) , (i) txgf O I n G a A s PS©l^fl9ft 
i^^v^SasSv I nGaAs P«i s ^©Jl^^(n]{C 
5fe± t J- v J- > y $ ft £ * T- (C » it -t % C 4: t «fc !3 Jfcjfc 

[0 0 7 3] C©i5ftM©DFBV- tf 1 0 2 aid 

[0 0 7 4] If LWfel^, #HI£©ff^§2 

<DW&fMH,X. U-if#£2§£t-Sfc»©#^M«B 
flfill 2 0£*3§j£-f SrS£B£> WfiatTU— tf3fc© 

ift 4: u &* j m ts&m d f b v — tf « % x. ft s c h & s 

:*H KBtt> ^©rSttBi:© 
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SBSI^tgSS^lRilci&o-cMbbfe, J9-3&Ji«jg© 
I nGaAsPIfr?,Mt5. 

[0075] rnmvmm z . 0 s t±*^a^©iys©^» 

SiCtSDFBb— tf$rgftBJ-rsfc»©0T-St)s 08 
(a) te-f©'; vi?fflC43l*«#fi8«#ffifc¥*T*:Wffl 
©*j6*jj*U 0 8(b) ttfSttJgfctf-f KB 
»4ft¥lSHtft4. 08(c) fc£, KDFBV 

-if ©Sit 7a -fe * t ffi V ^ i> jt^S&Sffl v ^ * © >W 
£f f-¥®0T-£>3. 
10 [0 0 7 6] 0t:*5^Ts 0 2 3fcRMSF*ttt(£*©D 
FBl^-if 2 0 0 i:H-©fc©£jj* U 10 3tt, U- 
■!f**»5fe-r*fc»©*3IMt«»#Ji 1 3 0 £Wf 
HfiS©^<S30DFBU— tfT-feS. d©^!9^««^ 
M 1 3 0 (±. i-InGaAsPfre.^SHmif 
#FrSftB (i-InGaAsPSMQWiSM) 3 3 
6. p-InPT*75>l<12 3Mn-InP±^7 
y KB4 3©M{c^^T*«lJ^$n-C^S. c©*» 

20 tgH* s ^$tlT^S. 

[0 0 7 7] S^t, C(Z)||l©II3fli. ±E*# 

»*B^jfi 3 oa. zou—ifft&mxfatmmtiLX 

v?S152 2 3 (09(b) #.^) kfcoTHS. 
[0 0 7 8] »«J vS?gP2 2 3©P#I©»S 1 ±C(i, 

IS 'J \y ^a5©i^iPj)©*i5t7 r D >>^7a~7clc«tt) 
t&tbmm 113a, 113 b* J «^^nr^-5o 
30 [0 0 7 9] f ±12 >J f S^SS 2 2 3&.Xf^<Dffim 

^siii^w-rsstoii^i&^ji©^ h-f5 3« 

^*XT<<>-5o £tzZ<DiM KB 5 3±tfcJU I 
n G a A s P?i^©P^©^^— ^gP^-^Stoiitf i 
@tc<S«K©n- I nP3>^^ hB6#ff£fi££*u IS 
t&m&3>9* KB6±tctiSiiS©n- I nP3>* 
^ KB9*s)^jffi?iiTV^. 

[0 0 8 0] C©i^^fiE©DFBlx-if 1 0 3 X 
*W KB 5 3©, Stt»3 3fc#Grrs««©iB* 
40 ttlfiSfi*lRlC«^T, «SI§©fiS*tM<RI©Sg® 
A» iSSWfJ©iSaa{C ^ItT (C«'J> bt *5 9 . Ctv 

cit). ±ia (i) afcswaaH KB^©3te©s^ns 

ft /e ©±t{S^fi^[Si t: is t f « ^{b4 s ^-r S c i: t ^ S „ 
Ig^fttt, »ft»»rtT©«H^**as-' fb$ 

[0 0 8 1] «C«jt*iSC-3^r»ll!B-rs. 09J51F 
0 1 0 l±±I3D F B 1^-if «DSS«ac«£SXSieCK 
B^-TSfe«)©EBf®0T-fet>. 0 9(a) ~(d) ,010 
50 (a) , (b) It. »DFBl/-tf©fiaW««HiB©*a 
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£s 19(e) ~(h) , 110(c) , (d) tt % fffl'J'^ 

[0 0 8 2] tr. p-InP»Rl±fc, JPS1.' 5 
um<Dp- I nPjf2 a, i-InGaAsP*»f>%5 
JP£0. li«mg*©£#£«*?#FJi3 a, 
£0. 15/tmOn-InPi4a^ MOCVDSt 
•fc&Jeifo&RU -?©&, ln-InPI4 a±£> 0 

8(c) c^tJ:^c«mtv7i' 5 o^mmf s (09 

(a) .(e)). Cfflv^>?5 0lt ^©-JSd^^ffeiS 10 
5. 

4 a, 3 a, 2 aMIK 1 Oi«»Wll:i»^> 

^it, ^ h7-f »y*2 2 3«j&a-r« (a 9 

(b) , (f) ) „ Mlxt, K7X«5 0i«^T, ±13* 
tt 1 ±©R 'J * 5>» 2 2 3 ON ttCSttftC p - I n P 
Si7D*^17a, n-InP®3it:7n^Jf 7 b, 

»3±I2*raUji»^jt 113a, 11 3b*Mt5 20 
(09(c) , (g) ) o 

[0 0 8 4] <Offt 4 ±13 <) v 5?» 2 2 3 XtfltJKT'D 
•y^Jf 7 ciCn- InGaAsPf53 a£ff£f£L 

(09(d) , (h) K £6>{;:02 4(b) , (f) RW2 4 
0(c) , (g) K.^-tJUatrmiZMMff^Xs ±H3n 
-InGaAsPf53aS:ll0XL % InGaAsPfg 

*fc^^-^«i*t#±ia»f«^i«3icSESfcafe*«JiB« 

MSnn-InGaAsPAM KJf 5 Z^Wuth 
(01 0(a) , (c) ) . 

[0 0 85] €LT, SiO, V* * 2 0 a Zffi£ Lfz 30 

BVMOCVDaiiffll^lfiMn-InPn^ 
*t-B6£, il nGaAsP15 3©^^— 
*»&*tl«J:$±ffiCjERftU 3 6»C*©±t:*aK 
n-InP3>^^H9|^t5 (010(b) , 
(d) ) „ 

[0 0 8 6] *<Dmt, ±130 2 5(d) , (i) 
5(e) , (j) CStigkHtlOJHCJ;!), pill 
OaJRtfnS&l 0b&fl2(£l/T\ D F B U— tf 10 3 

[o o 8 7] KicwmtbRic-o^xmrn-rz. -r©£-5 40 

©{£SWM«!]JSSiP & A&tt fflMMK Si C ip It T » * t » 

'>tfc«Siii:Lfc(DTN ±§3 (1) a.t&vzjjj vm 

S©T% SHBSftfcj;*3ttai*«j6«SOlSagttO* 
[0 0 8 8] £?>tc, *HJBOJK<B3-Ctt, *a»jggSi: 50 



mmW- 10-223967 
16 

^2>^ttU «y^S82 2 3©i«y5=->^iDX{C«tti. ±E3 
D F B U— if CM/D -It * fcT»SWRK*yi*fT3 & 

[0 0 8 9] fcfc, ±IBidiCD».« 3 T-fct, 3 3 

t£/f©*I£ltT-&<:tfW KJB©tttu »S^*^IrI{C^ 
fl3S«*J:dt:UT*J:<x c©«kd ft*j«©D F B V 

[ 0 0 9 0 ] 0 1 1 tt*«ffl©SI3£©ff^ 3 OHJSmK. 
«t-5DFBP— tf$rgiB^f -2>fe«>©0T-$>t3, 01 1 
(a) &■?©<; y^SC^t^BJ&ftfcWrfeffn 
ffl*HSS5<U 01 Kb) fctrStt/f KJf fc©ffig 
H^4rxt-¥®0T-feSo 01 1(c) fcfc, ISDF 

b u — if ©§gjg t"d -t x iz x m \ > s jiiRsasffl ^ © 

[0 0 9 1] HCii^Tx 1 0 3 alilffl^iCili 
DFBV— tfT-fctK 3®DFBl/-if 103at-lt 
±E**<**JI*ii 130£ \tXtt < , KB 5 3 1 

±i3»s^jii 3 oamtmmtcmitz&tzmm. 

k4ot^8. ■eo<fe©*J5£tt*afi«0^!IB3ODFBU 
-If 1 0 3 fclBj-T-feS, 

[0 0 9 2] i©io^ffie£©DFBU— If 1 0 3a© 
«3t*i£au tefcODFBI/- tf 2 0 0 ©SSi^iSi: 
tt, *©02 5(a) , (f) t^-rxaiCT, »Ri»f 
V^fflv^tl/r, 01 1(c) tc^-r^H^^ — >* 
%TZ-?X? 6 0 &^£,#.ffi<frM&^T^5<, 

[0 0 9 3] ^©.fcd&fifiilWDFB U — tf 1 0 3 at 
#HT*, 3tf^KJg5 3 1©, St£B3 3£Mfai-Zffi 

«3iSiSA»e>sssMMfflassfflfc:^it-c»^{cji«^b-r*5 

?K ClftCfcO, ±13 (1) 5£fc:fclt£;*H KB^©# 
t). ife^affCftSilR^ipilc^ltS^b^-rsc: 

T\ SHBSftCJ:S3fcai*«»«rtSO«aBtt<Z)*fl3ft 

[0 0 9 4] $?>t v C©DFBU— tf 1 0 3 aT-li, 
t*©DFBb- tf 2 0 0©Si^7*U-fe^C43JtS^1f 
y ^ > y©(^©3i V ^ > ^7 ©ff£t££ ^X. 2) ^£ It 

too95] mrnmm 4.012 «*^w©I£9s©jb 

®4£«fc5DFBU--y&ifcW-f-5fc«>©0-Cfc!K 0 
1 2(a) tt^CDU yS^CfcttS&lfiSftjfriafc^fTfc 
SfB©«jaS^U 01 2(b) tt*©|g^gjROftlBS 
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M J5 leg ic H < * £ £ ^ L -rt * 5 . 
[0 0 9 6] 0£:fc^T, 023 i:HI-W9H:«*OD 
FBV- tf 2 0 0 t|s]--©£©£^U 10 4tt, V — 

ztztb<D*mm&mmi 10^^-rs* 

itllOtt. fi£3fE©DFBl/— tf 2 0 0 t 

*B*iS2 1 0 kum ±T©*7*KB2, 4©ftgt 

bpsi i o<D-mmffiici&5iMm&, mmmmrn^ 

tfflWSSixT^S. ±!3*j»#«Bfitit 1 1 0± 

o«w«3t*w-r4a»a*»?«jt©*Ji*if-f kb 

[0 0 9 7] ■€ b"t C©D F B U— tf 1 0 4t* ^B 
*3(f-f KJP5 4B:»»fl9K*Ji«!2fc«EoT*t»> -© 

bTV^o *fc> ^^-f FB5 4C*}I*S*BRH\ ± 

ffttf4f5<t5S<b5ttU5. 20 
[0 0 9 8] JlftfflJcfct, ±|g;*M KB 5 4 li> ■*©* 
fiS*fflt«ffi#G 1 £ 1 BISiSi: U *©ffifiSrtMQ|gMJ- 

fcfc, ^ icon - I nGaAs P**-f HB5 4 aipe,?fc 

0> ±E4»IH«S;9"0 2tt, £1, S2®n-InGaA 

sP#-f F|5 4a, 54b4>?,*i, ±Bft£WlflMB 

S5#G3Bu »1, £2, I3ffln-InGaAsP^* 

■i KB 5 4 a, 5 4 b, 5 4 0*6*1). 

-Y ^©iffiJSftfct-eft^'tlM&.Sfcfflfc LTOS. :c 30 

Tn ±iemi~B3cr»n-InGaAsP*f^ KB 5 4 

a~5 4cfifn-?n, BJ?#2 0nm, S©K— rfc 

«t5*-^ ■;7'?iS* s 5 xl0"~lxl0" cm-'IS 

fcfcoT*!), KB©>^> 

fc^ «fi!fcJ|tflreS-ri:, l. 3~0. 9x;m©ilfl 

-eatHstsn-cv**. c©»^ t$j©#^ kbt-b: 

[0 0 9 9] f Lt> ^©HJE©Bffi4©DFB U— If 
1 0 4T-fcfc. ^B##-< KB5 4©*BS©*flSfcJ: 40 
5, ±S3 (1) ^(c*Jt5S#r*SAni:^'f KB-«© 
»*aiU*r#|fc8!ttfc:£{bOT43»K cntJ:oT> 
e^Sft*©^tt, 01 2(b) t^tidic, R#£ 
g§p<3 T-©«^^ ^^-fb-r -5 © t * •=> T ^ 5 o 
[0 10 0] ^©^^^^©DFBb-tf 1 0 4Ci" 
lt«$J|jfe:tM' KJf 5 4 Ht, ±I3Mll~gI3©n-In 
GaAsP15 4a~5 4cSIft«lLfc^ £B£ 

[0101] StfcWt^Sttcoi^TKWr*. 0 1 3JS 
tf 0 1 4 ttlffiD F B U-tf ©RjfeSfSs£±Blg«fc: 50 
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m,Bntzfcit)CDmmmRzj ! mwm-c-& ^ 01 3(a) ~ 
(c) , 01 4(a) ~( C ) hu *o{&s.Mm®mwv>mm. 

013(d) ~(f) , 014(d) ~(f) »±, *©■;>;/ 
V gp £ 5 tttg^fi* r&I i: ¥fT * St® ©«fat * ^ ft ^ 

[0 10 2] p-InP»gl±lC. 5 

m© p-InPI2a, i-InGaAsPi>?iS5 
J?£0. Umgg©I^lif#Pl3 a, £tfff 
$0. 1 5/zm©n— InPf 4 a^MOCVDffiCJ; 

U in-InP14±Cil~S 
3ffln-InGaAsPB54a~54 c £JH&fi£:gf 

5. -€©^ ssarotBasa-G lstf^ifflSMS^t:** 

3ffin-InGaAsPI5 4c^ITOtKiiU £ 

?mmizjir>, C©S5;9-©Sg2©n-InGaAsPB 
5 4b*»«fl«jfc:iBi*-*-4 (013(a), (d) ) „ 
[0 10 3] «1>T, T*«*ac*fflV^T¥*»K*fT 
t\ Uffjfig^tifey* hv^^^ffl^TS i O 

4tt4SiO, v^^4 0aSMtS (013(b) 
, (e) ) . 

[0104] I£SiO, ?^^40aSx^ 

>^x>X*£LT> ±I3S§ l~ffS3©n- I nGaAs 
P|54a~54c^iyf>^lT, ^tEHS^tC 
fS-pT, I nGaAs PmMkX^— Z.W&k&it.mz 
36^ii^«iii5r«rt--S^B«ji©I nGaAsPB5 4 

1 SJfJfiK1-S (01 3(c) , (f) ) „ 

[0 10 5] ifeC, SiO, YX^4 0aMSLfe 
i« l5a t M0CVDS-£#lOTn-InPB6a£ > ^ 
InGaAs Pf5 4 1 ©^-<— 

(01 4(a) , (d) ) „ 

[0 10 6] ^ffl^, ±S2Rif^;£raCi&oTffiS©*I£ 
*-TS^«v^^2 Ob^^fiEU (014(b) , (e) 

^35 2 2 4 *fl£fifrr 3 (01 4(c) , (f) ) „ ZtilZ£ 
*), o^D, ±13 U yJ?aJ2 2 4i*«t4Tj'7» K 
B 2 , rgttl 3 , ±^79b-14, ^-B^^^ KB 5 
4, Slf<£g«:3>** hi6^M$n%. 
[0 10 7] ^-bT. ^5K©DFBU--if©»ii^ffi{C 
*5lt^02 5(c) , (h) fC^-f<fc-5^ ±S3^^^2 0 
bS^v^AclMMfTot^ M , J»yS2 2 40H 
flJC«SS7n v*«7a~7 c*JBj£U $5>{C, 02 
5(d) , (i) CSi-rigfclqttHcaflSfcfToT, iSSS 
n>^^ KB9^r)Kj5£b, fi^tc0 2 5(e) , (j) fc^ 

bRVpmm 1 0 aSMtS. CfttC«fct)DFBU— 
tf 1 0 4^It5. 

[0 10 8] lfcCf^«»*fc-3V%TBlWr*. Z<D£o 
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&fltf£©D F B U— tf 1 0 4 T-fcfc, U— tf3te©#ff«BI 
©^©©Jl^jiSfeo^B^^'f KB5 4£, ?CDfi 

TzmmtLtzCOt:. ±12 (1) j£JC;fctt£.HilT^MAn 
£iH K«^©«#aiL*rjWi8ttfc*ftiU Si 2 
(b) t=*-TJid<i:e^«icCD«-fli*5*3H"eS*. * 

* J: -5, »SSS*isit:Tt£{bu-rv>5©-c% SHBI 
»CJ:*3ttB*«aE»ttCDWBtt<D3&fli*»*«)C»*J 10 

[0 10 9] 4 TfBU **f KB£ 

2>mmmt.Lr^z<DZ: mffu&Mmx-mmmm&iM 

ffl^©#ifc3«^£«Bir.3c c©fc«>£ig 
ttP^[lfWT-©B#T*MAn©£(b£*£ < t5 C 
[ T-£, Ctitci!3^^»/<:<0^fba$:i;§<1-i»c:i: 

[0110] 3l5£©ff;jJ§ 5 . 12! 1 5 tt*«9!©&fifc©J£ 
®5lCiSDFBU— tf&iftB^-rsfcK)©0-efe!), 0 20 

i 5(a) f±-e©'j y yatitJtattJssfi^iqifcTffft 

KS©#tii£^U 121 5(b) tt*<Z>££-ffij&<Z>ftigS 

[oiii] hk^Ts i2 3 tm-n^&m&w 

FBI/— +f 2 0 0 tp]— ©*>©£jj*U 10 5lt W — 
tf3fe*«*1-*fc«XO*i»fMIJi*3ei 1 0 
*ffi<Z>»!B5CDDFBU— !fC*5. £©#j»{**Bfit 
jfllOtt, ££*©DFBb-1f 2 0 0£&l+£>^»(* 
»B^ji2 1 OfcPO*. ±T©^5^KI2, 4©P^IC 

[ 0 1 1 2 ] LT COD F B U— tf 1 0 5 fcfc, ftiSfl 

^rsafta^^mjto*-/ kbs s^wlt^s. 

#|S) £S K $ ft fe ^ K 7 -f ^ * — > 4 * 

u ^t-§^is^2^^T-©sffib* s , m&m. 
mtoz-<DmRfr%;&%3— (bsftsi-s, k^s^s^iri 40 

1 5 5 *ifSt 5 n - I nG a A s Pitt, &«3§J!I£ 
fafc-j£e**-ciHtt8l5 5 0a^MMl/&iii: 
&r>T43»K KKM*iK5 5 0 a©8R$B\ 

!2n-InGaAs PSfflHtt^ 5 5 0a tOjgj&Sfl-tt 
M5 5©S2*«t, Sfeln-InGaAsP 
B©, H«*5 5 0 aP^©gg^-(i, KB 5 5©Sgl 

[0 113] &tc«3g#at«cTinvc8!Wi-*-s. ii6& 50 
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±I2D F B 1/— tf©«3ft^rffiSiRXSIRK:Bl?H-r Sfc 
feCIT-St), 01 6(a) ~(f) ^©ffiSltK(BI4g 
®©#tit£, Ell 6(g) ~(1) fct, tO'JyyftC^ 

^bTV^S, *fe> 01 7(a) Md) tt, ±12121 6 
(g) ~(j) ©»*Sifc*:l,T:«rBI , ?»*. 
[0 114] tr. p-InP«|g±£, f*l. 5^ 
m©p— InPT^7 5»f'I2as ff£ 0 . .l/zm©i 
- I n G a A s P I^^li? 3 a , JP£ 0 . 1 
5/zm©n-InP^7'?KI4a, SUW^O. 04 
/zm©n- InGaAsP*-f K155a£MOCVD 
i£Kit)gMl$££&:flTr£>« -£©&, 05(c) £^51 
iftEfcJIfflv** 4 0 fcR|*fcW**->*#-f **R 
«ftBv;<*6 0£ s ±12^^ KB 5 5 alCMU 
Cft^^-^^fcUT, MOCVDiCfc^^tRfigS^fro 
T, ftffi§i&;£lRlKTP£#£(bLfcffiSJK©n- I n 
P 3 * bjg 6 6 a ttftft-T * (0 1 6(a) , (g) & 
VlUla) ) „ i(Di:|3>^^ KB6 6 aCfttl 
JP#f#^g|5£-£ 0 . 0 2^m, *©gfcJSV<>gB#£ 0 . 
Oe^mfctS. CftttJiJPJti: LT 1 : 3t£ffliS-rs 

3 ©e® j±|iaa©as?^stt^t «t & nr 

[0 115] «Slr*T> TSMfcfefcftfli^T^JMMEifT 
vi, cfttci <0Wtf&£i\ti7 * K ?X^Sffll>tS i 0 

JSW*Sft*-r*S i O, v^^7 0Wt5 (HI 
6(b) , (h) fitFB 1 7(b)) . 
[0 116] JfcC, ^^V^b-v-fooy^^^^fflv^ 
t, ±I2^^<>7 0S;xs'?->^i'i:Utl«it^ 

isxmmxnatzsiv $ mi 6(c) , (i) r 
umi 7(c) ) „ zcotg^vT-yrmzzo. oeu 

mii-TSi:, n- I nP3>*^ hif6 6©®/P* J 0. 
0 2um<D®&-ett^y*-l'4rtii1H KB 5 5 b©J&® 
*"CJBtr^ ^©^JP^O. 0 6um©««-ett^ K 
15 5bO±Ittt-X5;f V^ttMtS. C©i^ 
*, if-Y KB 5 5 b t. IT, ^©^fiK^ilCfttC^ 
S^agB^ilT-WWSawlt** 5 , 5 0%*?> 1 0 

0 % £ T-ftJ£§|g*(p] tj&9T»*C S^b b 

(zm-oxi. ofrt>o$.x-miti-z><> 

[0 117]*C, SiO, ?^^7 0tBiiUfc*, 
fftfMOCVD&£ffl^-C{£itJg©n-InPB£, ± 
S2^-f KB 5 5bcDC!I«ai*a«)atrJ:5JeJ«-r*. d 
fttcit), filSn- I nP3>^^ M6 a4««rtS 
ftS (01 6(d) , (j) &xmi 7(d) ) . Z<D3>4> 
9 KB 6 a{i, *V KB 5 5 b©¥S£a-C©ff£#|& 

1 . 5/imt%otl^ t 

[0 118] ^©«, Bf^OS**-*-***^^ 2 0 
bt±ia«SS«*lRltf&oT}&jau (01 6(e) , 
(k) ) , C^x.yfvm^tU, »g±©&* 
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yy»2 2 5 (El 6(f) , (l) ) . o* 

5, ±S3U *S?SB2 2 5S«J5R-rS, T^7^H12, 

[0119] ^©&, ±I3wtt^Xi7 2 0 b &aftJffift 
m-?X >7 t Lt, K 'J y ^95 2 2 5 CDpfiBCaiStrD y 
a~7 c$MU ^?>f:i2 5(d) , (i) C^ 

hJB9£Jfcfi£U itl:|2 5(e) , (j) C^txit 
^©jaLS^fToT*— 5. y^tt©n®Il 0 b&tfp 

tii oazmm-rz. ztnz zvdfbu-v 1 i o 5 

10 12 0] ikt{tffla*lCOOTSi?§TSo ±1BDF 
Bb-tf 1 0 5CD#-r KJf5 5^ ISO 

T03©T\ «S«rt©ffi«fl«ja:lS^a*0*>6 1. 
0 $ f £<t £ * 5 C i: A 5 T- § $ . 
[0 12 1] -T&to*., »R]$*fcffl^T* 13 

ftffig^-*fflfcffli^fc©MT©*§^£»itfc 1 *f 3 
IS. 

[0 12 2] IfODFBV- fftCfcUTBu HtfTft? 
SMtSInGaAsPMhm Rfg-TSSIlSI 

(Dttmws Q%tt£2>*.*>&f&2tiz><, £©«-&, mm 

iVn- I nP^7*; PJf ©»Sfc:*f 0T«*ttfcfc 
[0123] Cft£E 1 8 fcJB^TBMH-f ■& t, EC** 

5 0%(Dtf v ffl*fl$&*£^£2&a:«* ( 1 . 0) ttji 
^-*S#©ffl**# 5 0 fctlttW 

6Bd©ffllMW5 0X©»^©l/2i:fc»K $?,t? 
-*gB#©@**# 1 0 0%C«:St, ffi**ttSefg*£ 
SttOfC^S. ±|gv-^g&#©®«s£#5 0 % 

Ofc&S. 

[0124] Z<Z)X.-5ftZtfre>. 01 5{C^t"«ta 
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* CtC J: 6, ftfi8ft©ft&S5;&fflk:*Stf3«-»tt 
tfHfcSlS^ftfcW-J-acfcfcfcs. El 5 

(b) CiR-J-JM KB 5 5<DM&C**J&Ufcft&Bn-Ca> 
IS£ftR©4MFHU El 5(b) fciisf *-3fcffifi»«« 

Lfcfc©i:&£<, 

[0 12 5] £©|g*, ffilBfltJ*-;^— =>^fc:J:4 

ftMgrtCifcWfc©^-^, ftiBSsarfiicisH- 

io »k ^^©spSflstfE^ft*. 

[0126] 134 Ymim--i*mM>ws\&=f-m 

K©3— ^ >$rffl«fcJliUfcDFBl/— ■ tfT-tt, ®#t 

ft? ©ft® 8^® C*ft*tt«t:J:oT t£«ft * 

o 

[0 12 7] *fc*HJE©^3B50^«t:ourKiB 
20 -TS. E 1 9B;e©g)f50iJC<fcSDFBl'— !TftKflBf 
i>fe»®ET-&*K El 9(a) fct*©') y^SSCfcMtS 

ftfiSJttiafc¥fr&BfiB©*iS*:jj*u Ei9(b)« 

[0 12 8] BC*l»T, El 5i:H--flF*lttBS©J& 
S5CDFB1/- -tf 1 0 5 t|5j-©-fe©S^U, 105 
a tt, mMOBm 5 ©Syg«C J;l,V4^7MDF 
BU— tfT-feSo C©DFBl^-if 1 0 5 attt, #W 
KB 5 5 lCiDfcjsSSftSlaHJrft^B:, toffitS*"* 
30 fi«©4»*"ff*«JI«»*£fl;LTisiK ft®gf©pgiSf® 

[0 12 9] i©ia«t«JffiODFBU- tf 1 0 5 af 
tts #^#ttlIWft?©ft«8«fflT?©ffifflC«€>fc 
^fc«K IS^£ft©ftiB»*b5frac«»Lfc«-*)itiU « 

[0 13 0] 01* tt, ±I3DFBU-if 1 0 5 a?lt 
*?©^tt, ffflfStfil 9(b) C.£J£T-^-f «fc? 
C, ftfi«S*lSlt:*itSft«»tp*»«-C«*4:* 

40 &oT:fc!3> C©»^Ctt» El 9(b) C^"T<t-5C, 
ft®3§cpj*i©&*8^7 HaiCSbTWf^!), Ld- 

oft®t§ig@CiE^ < (contiiin-r ate^ftcDd* 

[0 13 1] &fc> *Slfig©^ffi5t-tt, fg^«»*»ft 

[0132] mmoomm 6 . e 2 0 ^^©mss©^ 

50 ^6{C«t4DFBL--+f^attB^-t-SfeK)©E-efel3. *£ 
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1^£§&©#*!? £ ^ L T V > 5 . 
[0 13 3] C©flB6©BJ§6©DFBl/— tftt, i3j 

^^MUS^lRlicr&oT^^t:^ 2 &H8iift£^b£ 
^ 4 ,£#±133HE©ff2<8 5 ©D FBI/ — tf i: 

[0 13 4] £©J;3fc*SS"T?HU Jtf'f KB® 

X 2 fcHftttfcStfb Lfcfc©i:fc3. 
[0 13 5] 3?R3tfJ*— ;w?- ^>^{c«tS#S^l*l© 
^^tts — i&WlCv El 2 0£*jrc*7^-r<fc-5i;:, w 
&88ft# (Si t X 2 *HSW C SEflJ L- fc * © £: o T * 

{b#2&K&e<j;&&©T-;S?S*§-&, J:OJ»*WK:ffilfflW 
;w^— - l/Wnz. <~>U& C i: 
[0136] UfiOi!§7 . 0 2 1 t£#$gBJlGDHM<£>ff$ 

iTCi^DFBi/- *fzmw?ztz&b<Dmx-&>). m 

2 1(a) |±, *0UyS?8K£l?«ASSft3rAfi:¥ff 
«t»rii©*Ji£jj*U 0 2 Kb) tt, RDFB1/— »fS 

[0137] 0t43t>T, 0 1 5 illRl— nm£$8t&<Dffi. 
I5CDFB1/- if 1 0 5 tm— ©&©£^U 107 
tt> «fiBft*lRlC-St:y^-Ciatt3l5 5 1 &«80& 
flcUfeflliiOiJ-f KB5 7fetfl-S*fOfi©Jfc«7©D 
FBI/- tfT-feSo -T©^ HJB5 7(±, ±I3S£&£©JB 

i- 4^i^t>-^2$s^p^-c-©BPJt* s > m&mmftx-cD 

feMt^ot^S, HifcftCfciu ±t3#-t' KB 5 7$: 
MfSn-InGaAsPKt ttiSggS^lcJlc— 3£ 
try^TfGDttatS 5 0 a£«ft)fcJ&Lfcfl§jgi:&oT:fc 
»}> KC3tt^5 5 0 a©gR;Sti\ jSRStffllflMilBlCiE^ 
© (J ifiS < & 3 <fc a (Cfc o T V> 5 . 
[0 13 8] fltcoia©f^7T-li, ±33#-f K 
■ 5 7tI*tSInOaAsPltt, liff^rSjlCiffiiS 

[0 13 9] CODFBU- tf 1 0 7©S5i^iS«±. * 
-i KB5 7i:LT©InGaAsPB©JES*xg{CT, 
J*^jtf;*©&*JfcS£<b£*4jSi"T?©** ±§3*SE© 
ff^5©±I3DFBU— y 1 0 5©«56#8si:»&oT 
^i.o InGaAsPfCMtts 09*«, -e© 

m> 7"ji^;i/^-©«ftSl^ffiT**1-i:, *© 

fiES*C#;*^Slfc©$iJffiIfc:«fctK 1. 0 0//m*>e> 

1. 1 8^m^T-a^S<]t:^x2.ci:*sT-ti>. 

[0140] d©HJS©ff^7 T-tt^ #-r KB 5 7 

©<sj*#«»*ffifc***Wfc*fl5U *»o#fis«#fa 
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TV->S©T-x ^©SJitm-fe^T-fflV^ftS n- I nP 
Ji 6 6 a m 1 7 (a) #Jg?) ©JBJSfflgflStf 1 ifcH&fc: 
Mlc>L,fe*©T-feoTt.> &ifi»*£|q|-C©fS^»© 

tttfbbtn - I nP16 6 aOlS^ftt, ^©B 
JP©£fls#i<B *B»t»*S b£ * © £ 5 <fc 5 fcftJffl) b 

10 [0141] 

[^b^cd^j*] w±©j;^{cc©^b^ ammi) Km 
z>frifimmm*m#i>-ific±ti&. isvtmtm kb 
fc©jteiB-&9iK©* jte*««*"c©3t*a*ist:*jit4 

»j«-rsis^»»ftiE<bs#sB*"eft*»ffiftJB© 

HB©»*Ma«, RVJ3<< KB^SSBfc© 
8ggS©-5 *>©'J>&< lo©gSS^ttffiSft^[pJtc-C 

»b*-&fc©"C, ig^«»©«fiSft*is«c*w*«-# 

20 tc<fc»3, SHBa*tJ;S3tettl*«aEl*tt©ISUi5tt©56 

[0 14 2] C©^B^ (ff3?ii2) CfcJifcf, ±1311* 
II 1 83«©^!BiiS*#<*U— tfCSS^-ts ±13^^ 
KBi*J58"r4*»i«Sia©fflB8&» ±t3ttffiSR^|n] 
C*Jt*|g^«»©*fbC i &»ttfiSrtT©«!WMr 

DTS<b$-a-fe©-c-, ±iB3ta»ift«aT©sa»ja«f*© 

SE<bCJ:t)»fiS©j*^iB^*&«ft$-a-T, SHB 
^fetc <t *3tta*««E«tt©WB«t©*<b*W»tt J: < 
30 SflfJ-r^-tASftS. 

[0 14 3] C©36BJ3 (Sff3ftS3) CAixtt, ±I31»* 
II 1 BtO**«lSi*«»l'-" !f ±13^^ 
HBh±53?S14Bi:©P^©gg8iS:> ±«B«fi»R*l^t 
*Stt S^«»©aEftfc <t 5 KfttS^WT-©^^* 5 
iS-{b£ft5«k5> K«MH**lSJ{c*5tfS&Mtcjol; 
T^b^-B-fc©-C-, ±l3rSttBA^^ KB^©^6©b 
*tBL*CJ;!)ftJSS©«r-3jg^»**fb*'e-Tx S 
HB3RftCJ:43tia**aEfiHS©«WBS©S&fti*W»l"i" 

40 [0 14 4] *W KBi:±§3fSttBfc©P^©iESi 

t«tt)s ±SB*«fiSi*#iaC#ttS*S^£«*SEfbS-e- 
tliSCt, DFBU— tfCSSiiT'D-fe^tiSlt^** 
»B ©fiESffliS JC i Ig-^IS £ £fb ^ -a- S Z. t A s T* 

*g^£»©»]»e;aiFS»ttSflHife*>©fc-es 

So 

[0 14 5] ^©^B^ (»*I14) (CiiXti, ±S3»5R 
lll|3«©^^jlS*a9^L'-tftc^v^T, ±B3S« 

s©ttist§ft^[pii:Sit^*[Sj©*is, ±m^tmmmm 
izxm tttstift c* s ^-&^r© ^fb ^-r a <t 

50 R»tB»fi*fiHC*»-6ffiBt*6l:T«fl3**fc© 
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s. 

[0 14 6] Sfc, SttJi©«fc:J:>>±lB#fi»:ft#Gi 
tc * It 3 &^3©R * *<b * T V * 5 ©T- , fe^RtfSE 
fbbfc1$ii©DFBU— - tf&, JSttJB©i.y?->yaa 
tc <fc D ffi^(c^jST- 1 3 2> o 

[0147] zoftBn (m&ms) tzztnz* ±mm 

i£SS«i£, ±Er£t£H, ±T©*5* KB, SVif-f K 
JUcfr6*Sife**l&i:U ia*«i^©ttt68«^fRl 
fcse&#fa©«&. ±K#fi««#lRlfc:isfcrSlg^» 

©T-, ±ESttJiA»&:tf-f KJl'Nffl^b^fflb^fCJ: 

[0 14 8] St, ±EiSS*, ±TO*7fHl, & 

tftfbLtiilfflDFBl/- !f£, jiS©*+)-^ 

[0 14 9] d©^ (affile) Cfcftfcf, ±EiS5R 
«lE«©^j§jSS*jj¥i*U-if^*v>t, ±E#-f 

±E»s^^[sjtcT^b^#fc©T% ±e 

( £fb£#Ts SHBSftCJ:**ai*«Sit«rt±OlWi3tt 

[0 15 0] Sfc, ff'-f KJiS£Jl*3Ii:b-C<->4© 
T% iiijf«il©#-f KJf CJt^Tjtf'f KJf ©fflJ55©&fb 
< -fZ^t&X'g. C©fc»ll$jB#T*©^b£ 

flsfcj:»>» SHB««fcJ:.6#tiJ*«»1$tt©*&fc** 

[0 15 1] d©»iH (»*i!7) iz^tviS, ±E«f# 
* 6 E«©^*SSS*«#:U— 7 1 *SOT> ±E#-f 

ffll£#£v^il&S«fc?*fi2b£©T-. #**{«■©« 

*t<taci:i i t§< i©fc»iei*a#r*©^bft«t 

»3^^^-fo©i;1--I.Ci:A s T-§> zntAOSHBIt 
fcJ:*3feffi*««4*tt©*b^*J&tt©5efc£»*WC 
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[0152] z<d&bz (t»5RiM8) tzmzfrififfimm* 
mtt-u— yicj:n«, 3teaia«*"e©3fc***iPiifc:Jt-i- 
sjaw«jt4Sfo«t-5}Bj^sn, is^igiis^{-T±E 

KJffcfiSx.. IStf-f h'l^ 36 2 

>S*U l^l-SlglJRtft^^fBT-OJlfflttfte 
fttgSft^|fi|{c*iltstiB«cj5SbT^bbfe«Jii:bfc 

10 i£HrtT-©«J^fr#i§-'fbb-ts SHBMt<tl.3t 
ffi*«aEfiHt©WBtt©3&<b**PiW^Iil«:«itft*3RT? 

[0 15 3] h^-f ytt^s^^-^^ft 

KJifcfctta, »»-r-B*l»t«B21ll*IBT© 
JBJ»tt«cJ:t»|g^ft*3E<b$-e-*J:-5Cbfc©Tfs W 
!E§§©— SaHPJligB fcffeSg<B9Saffl i: T-©^-&5£&©]£* 
lJ&'&aRIB**"?*^***^*:* 5 ^* SHBS 

mz£zxMijnffi. ! &&<DmzvtcD'£ih$:s ^commit 

#1&tC;fc§J&fc©*T-l£V^ffl(CffioTJPfgJ-f 5 £ i:* 5 
20 TUMtffeS. 

[0 15 4] CI©^ (IS5RJS9) tC«ttr,«, ±EWaR 
IS 8 E«©«-*»aiS*aM*:U— tf K*V^T, ±KR« 
■tzm 1 S^SI 2 ®«5PaT-©JSJ?Jt©ftffiiift*fRilc:i3 
ftSSMbfc, ia*H»C»«5b&*ftii:bfc©Tf» SH 

Bm.mz£z jtssrttf ©jfe^ff # 2 &gigta<jfc t> © 

««Eim4©«0B1t©3Sib*«ilta-r * - i:* s T- § S#JiH# 

[0 15 5] £©fgB.§ 0) Cfcfttf, ±EW 

30 st^Ii8E«©^5• ; ^'J*JlM*^^-'tf{-^5V^T^ ±E^ 

-f K»**B8i-*iiM»frea©iaj«*. ^©ji^iric 

T^b$#fc©T% |g^»©ttiSS«*lRlC*»t** 
flltfv 3tfW Kg©PJg-r5^1SU c B2«W^T-©JiJ? 
tb©H»S§5^[RlC*5lt4^'fbts ^ KS©lfii£© 
tttE8fi^ [Rl C * It 2. ^<b £ $ ttfc t> © h *t 4 . 

c©;fc»#-f H*©i»»-r*jisiavsB2*«iBi-c©Ji 

#fiBfi#|qlfc:*sttS*fb*\ K*BI*fc:*t*&bfc, S 

HB3Bftc«t«ftiS»rt-e©«^©^Ja-tt©#p#Jt* 

40 *Jj^^©i:-C-t S^** 5 ^^. 

[0 15 6] C©^B^ (»*J11 1) C»8»**iS 

-f KJiftJKrtbfcH. 3t/-r k«±k**»»&, ^©)* 
s©*fb#ffi£;£iRifc:T£r*«fc3J&j«u R***wt 

^*t«a«u ^©^> ±EDw* t «ftibfc*aM*Ji& 

^t^2^i:* s ±EmS^[Sl^^i:CE?iJ$nfe^ h 

50 w^T-©®PitA s ±Em^^(Rifcf&oT^bbfem3i© 
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[0157] znam m^mi 2) ±e» 

*JS 1 1 83«©##!l§iII^$t{*U-- !f©SM^i*K:*J 

^x, tmmm&Mibbtz^mfrmRTfjjjv'mv^v 
j-ytrmM-k, Y?'<^vi-yir£.*.K>fto<r>x-. ±ib 

[BliB©tt#&Bliim 

[01] *^©HJfi£DJfJSg 1 C<t5DFBl/- if© 
BriB«!£(a) , *©fe^»ft©ftJE8Jfc&|SiC*ltft«- 
*(b) , *©«6ro-te*T«v*ftv**©JB#(c) ft 
^1-0T-£ft<, 

[0 2] ±.t?gm<DWMl C«DFBU- tf©S2iii 
#i£© * -9" x y 5=- > * Tf © §ifxf| |c £ (J- ft , 

i&s.mmm^m<Dmm(&) ~(e) s^fflu »5>»©w 

H*iS(f) ~(j) ftS-TH-ejfeft. 

[0 3] ±8aisjE©»«iK:j:ftDFBu— tf©tm 

#&© ^^xyf> y»lWB®#iSigC * It ft x 
®SS*J&<PJiiSB©m;ig(a) ~(e) M^fflU *S?S©K 
HHtHt(f) ~(j) &*vf0T-fcft. 

[0 4] ±ge*J£©ff^l©^^JllCctftDFBU 
— !f ©BrffiflliiU^tf-tCSy&H 2fC±ftDFBU- 
1f©Kf®«jt(b) £^-T0T-&ft. 

[0 5] #%BJ3©f£86©ff£!g2tC«fcftDFBU — If© 
Hff®«jl(a) » •?©^Jf^JC«fcftDFBl/-1f(b) ©W 

?©EM*(c) ft^-THTfeft. 
[0 6] ±f3HSE©J&J§2tcj:ftDFBU— tf©S5it 

*TS©^-9-x^^>^sas*T-©&±sxa{ci3{tft, 

<gS*rM(B!]SS@©«3ii(a) ~(e) Stf^© U * 5>ffl©»r 
H«M(f) ~(j) £^T0T-ifcft. 

[0 7] ±iBS*ffi©Jg«2fc«fcftDFBl'— if©SH5t 
;£?£© ^ >v 5^ > ^iOafel 1 ^©&iSXg(C £ ft , 
{£SWM«!)JS®©*ii(a) , (b) MfOUvySoli 
IB#ifi(c) , (d) £^-r0T-fcft. 

[0 8] *^©HSE©B^3t:«tftDFBU— tfft 
BrBflMKa) , *<DfS&Mli1H K»fc©tfc«B5flKb) 

x SU cj e©^3i*&lcffl^ft^-y^>^-^^X©¥H 

j&R(c) ftj^-ria-efeft. 

[0 9] ±§3Slte©ff^3fcJ;ftDFBt/-1f©f!iS§ 

SWKffl!liffiS©^iii(a) ~(d) £t/^£©<J ?3>ttCDKiB 
#tM(e) ~(h) ft^1-0T*Sft. 

[010] ±mmm<Dmm 3 ti ft d f b u— tf ©» 

gfc&ltft, iKsafRfl9«KiB©fll£(a) , (b) &V*© 
y^SB©Bfffi#|jg(c) , (d) £jjvr0T-fcft. 

[011] mzwcDrnmoBm 3 (dxj^dc «t ft d f 

BU— tfftKiB*J6(a) . ^©rSSJf i:#-f FJf £:©<u 
MWf£(b) \ ^^©tgit^iStcffl^ft^y^^^ 
*©¥@ff£t*(c) ft^-THTfftft. 
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[012] *%B^©*SI©ffJi 4CJ;5DrBl/- tf 
©Hffffl#fit(a) , Stf*©e-&«ft©JtigSft*|qilc* 
ttft^(b) ft^1-0T-fefto 

[013] ±aafEJfi©J&JB 4 tcj; ft D F B V— y©« 
'MJsm<DU4 F»©JnixSt*H-ft, <£SWM<PJiSS 
©*3i(a) ~(c) &tF£©'; •f^gP©»fa«!Ji(d) ~ 
(f) £7jvf0T-fcft. 

[014] ±f3H£E©ff^4C<fcftDFBW-1f©§S! 

10 x^V^XgCfcltft, ®SW^ffi!l^B©«jg(a) ~ 
(c) M-fffiU yS?SP©Bf®#ii(d) ~(f) ft^1"0T- 

& o 

[015] ##P3©fO£©ff^5JC«fcftDFBl/-'tf 
©«rfflfitii(a) % Swe^«jR©^(b) fc^-rat* 

fto 

[016] ±f3HS£©Jfc?§ 5 tc «fc ft D F B U— • if ©88 
Ji*a©±Bxgt*«-ft, fi^JK4PKISi©fll£(a) 
~(f) S^©'J v y«B©Bfffl«Ji(g) ~(D £^"T0 
T-&ft. 

20 [017] 0 1 6(g) ~(j) t^-rBraflSMftffi^U 
titl(a) ~(d)T-fefto 

[018] ±mmmmm 5 £«i*£3tM kji©mk 

»fc©a«t^riaTftft« 
[019] ±izmm<Dfcm 5 ©ag&w tc «t ft d f b u 

— !f©Bf1S*Jt(a), XWB^«R©4MWb) Sijvj-|Z 
T-feftc 

[02 0] #«W©3dfi©J&«6lCj;ftDFBU— If 
30 CD^«®Mt^tlt^5. 

[02 1] *»B8©SaiE©^«7IC«tftDFBU— tf 
©W@«3t(a) » atFtt«»ft*IqI©W«©ffi«tf©Ji 
ff#lRlfc*H-ft«J5fc©*Mli(b) ft^-T0-e*ft. 
[02 2] tlEfCDFBI/- tf©«fiS^-TjB|«iat 

^> o 

[02 3] S^CDFBl/- if©Br®8Sj§(a) , 
KftfiS*35FRlK:*H-ft*S-&S»©«-ff(b) ft^T0T- 

[024] se*©DFBi/— »f©«a*ai©-?<-y-xy 

40 ^>^iO.S*T-©±5xg{r**{tft, (gR*fJK<ilig®© 
SliKa) ~(d) fiV*©'; yi?gi5©»flifl}ai(e) ~(h) 
ft^-f 0T-fefto 

[025] ^cddfbi/- yoKasaccy-y-xy 

^>^«iattl^©^Xgtjfettft, <££*fJg|{PJ|iisi®© 
«S£(a) ~(e) atf-t© »;y3?»©Bfia*ii(f) ~(j) 

[??^©i&B^] 

1 p-InPfi1g, 2, 2 3 p-InPT^^^K 
m. 3, 3 3 i-InGaAsP^MQWSM, 
50 4 , 4 2 , 4 3 n- I nP±?5> v YM, 6 <SiftK 
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n- I nPa^i- bjf, 7 a p- I nPTfflB«8S^ 
D'V^Jl, 7 b n-InP^fSyD-y^l, 7 c 
p- I nP±#J^^D^^|l N 9 i^SSn-In 
P3>^{>H, 10a pfi> 10b nfi, 2 
0a, 20b, 5 0, 6 0 x.v*->ym-*X** 3 
0, 4 0 jtiRjftftfflv**, 3 1 fcSUSttJ!* 5 
1,5 5, 5 7, 5 5 1 |fr?Sl3tM KSx 53, 51 
2, 53 1 KJi, 5 4 &m%134Ym, 5 4 
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a, 5 4 b, 54c g§ 1 , % 2 , Ml 3 13 -i HJf, 10 
1, 101a, 101b, 1 0 2, 1 0 2 a, 103, 
103a, 1 0 4, 1 0 5, 1 0 5a, 107 DFB 
U— tf\ 110, 110b, 112, 120, 130, 
13 0a **ftKJ|flf& 113a, 113b, 21 

oa, 210b xmt&ibmms 220, 223, 2 

2 4,2 2 5 filtt'J y J»», 511, 521 *3[# 
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